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SELF-STABILIZED OLIGONUCLEOTIDES AS THERAPEUTIC AGENTS. 



!• Field of the Invftni:\ffn 

The invention relates to novel therapeutic agents 
used in the antisense oligonucleotide therapeutic 
approaesh. More particularly, the invention relates to 
ia^roved antisense oligonucleotides that have increased 
resistance to nucleases. 

She antisense oligonucleotide based therapeutic 
principle provides an attractive strategy tor rationally 
designing antiviral drugs and chemotherapeutic agents 
against other pathogens, and against disease conditions 
resulting from disorders of gene expression. The 
therapeutic principle relies iqpon specific binding 
between a target nucleic acid sequence and a 
eoBplaaentary oligonucleotide, several publications have 
deaenstrated the efficacy of complimentary 
oligonucleotides in inhibiting gene eaq^ression by such 
specific binding. 

Zanecnlk and Stephenson, Proc. Natl. Acad. Sci. 
25: 285-288 (1978) discloses specific inhibition of Rous 
Sarcoaa Virus r^lication in infected ohiolcen fibroblasts 
by a 13-mer synthetic oligodeoxynucleotide that is 
conplementary to part of the viral genome. 

Zaaecnik et al., Proc. Natl. Acad. Sci. DSA £1: 
4143-4146 (1986) discloses Inhibition of replication and 
eaqiression of human immunodeficiency virus (HIV-1, then 
called HTLV-III) in cultured cells by synthetic 
oligonucleotide phosphodiesters complementary to viral 
RNA. 
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More recently, it has been reported that 
ollgonucleotldee having greater resistance to nocleolytic 
degradation than oligonucleotide phosphodiesters are aore 
effective as antisense oligonucleotides. Agraval, 
Tibtech Ifi: 152-158 (1992) has. extensively revieved the 
use of modified oligonucleotides as antiviral agents. 

Sarin et al,, Proc. Natl. Acad. 8ci. USA ££: 7448- 
7451 (1988) teaches that oligodeos^udeoside 
nethylphosphonates are aore active as inhibitors of BIV-l 
than conventional oligodeoxynucleotides. 

Agrswal et al., Proc. Natl. Acad. Sci. USA £&: 7079- 
7083 (1988) teaches that oligonucleotide 
phosphorothioates and various oligonucleotide 
phosphoraaidates are aore effective at inhibiting HZV-l 
than conventional oligodeoxynucleotides. 

Agraval et al., Proc. Natl. Acad. Sci. USA fi£: 7790- 
7794 (1989) discloses the advantage of oligonucleotide 
phosphorothioates in inhibiting HZV«1 in early and 
chronically infected cells. 

An additional characteristic that ..renders 
oligonucleotides aore effective as antisense agents is 
the ability to activate HNase H. Ibus, oligonucleotide 
phosphorothioates, vhidh are both resistant to 
nudeolytic degradation and activators of RNase H, are 
effective as inhibitors of RlV-1 and several other 
viruses. 

Gao et al. Antiaicrob. Agents and Chea.' 808 
(1990) discloses inhibition of HSV by oligonucleotide 
phosphorothioates • 

Storey et al., Nucleic Acids Kes. 12: 4109 (1991) 
discloses inhibition of HPV by oligonucleotide 
phosphorothioates . 

Leiter et al., Proc. Natl. Acad. Sci. USA fil: 3430 
(1990) discloses inhibition of influenza virus by 
oligonucleotide phosphorothioates. 
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Unf ortimately , ol Igonucleotlde phosphorothioates 
increase resistance to nucleolytic degradation but do not 
provide complete resistance In vivo , 

Agraval et al., Proc. Natl. Acad. 8ci. USA ££: 7595<- 
5 7599 (1991) teaches that oligonucleotide 
phosphorotfaioates are extensively degraded from the 3* 
end in mice. 

In addition, oligonucleotide phosphorothioates fom 
less stable diqplexes between the oligonucleotide and 

10 target than oligodeoxynucleotides phosphodiesters. To 
overcome these deficiencies, oligonucleotides having cap 
Structures at the 3* tesnoinus have been developed. 
Agraval and Gooddhild, Tetrahedron Lett. 2&: 3539-3542 
(1987) discloses the ubb of oligodeoxynucleoside 

15 methylphosphonates as 5* and 3* capping agents. Shaw et 
al.. Nucleic Acids Res. jL£: 747-750 (1991) discloses 
oligodeoxynucleotide phosphodiesters having blocking 
structures at the 3* end. 

Temsamani et al. , in Antisenae strategies. Annals of 
20 New York Academy of Sciences (in press) (1992) discloses 
3* capped oligonucleotide jOiosiihorothioates . 

Even these nuclease resistant 3* capped 
oligonucleotides can become degraded eventually as the 3 * 
capped end of these oligonucleotides .is slowly digested 
25 by a coi&bination of endonudease and exonuclease 
activities. 

There is, therefore, a need for oligonucleotides 
that form stable duplexes, resist nucleolytic degraidation 
and activate KNase H, without the disadvantages of 
30 oligonucleotides that are known in the art. Ideally, 
such oligonucleotides should resist .even the combined 
effect of endonucleases and exonucleases, shoiild stably 
pair with target sequences at physiological temperatures, 
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should activate Snase H and should produce only 
nucleosides as degradation products. 

m 

01 igonuoleotides having self -coapleaentary 
structures that can result in hairpin formation are known 
in the art. 

Germann et al«, BioCheaistry 2i.s 5698-5702 (1985) 
discloses a partially self«*coiqplementary 24-iiier 
oligonucleotide, d(6C)5 T^[CG)^t that undergoes a B-DlOk to 
Z-*IWIA transition. 

Bilbers et al., BioGftiiaie SLt 685-695 (1985) 
discusses the dynaaics of hairpin fonnaticm in a 
partially sel f *coi&pl enentary ol igonucleotide , 

dATCCTATnTAOGAT • 

Neither of these physical studies related to either 
oligonucleotide stability or to therapeutic use of 
oligonucleotides • 

Thus, the prior art is devoid of any teaching or 
suggestion about using self-coapleisentary 
oligonucleotides in the antisense oligonucleotide 
therapeutic approach, nor does it discuss the use of 
hairpin forxaation as a aeans of rendering an 
oligonucleotide resistant to nudeolytio degradation. 
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She invention relates to novel therapeutic agenta 
used in the antiaense oligonucleotide therapeutic 
approach. She invention provides iaproved antisense 
5 oligonucleotides that are resistant to nncleolytic 
degradation. Oligonucleotides according to the invention 
resist nudeolytio degradation, including the coaibined 
effect of endonucleases and exonucleaaes • 
Oligonucleotides according to the invention fora stable 
10 hi^rids with target sequences under physiological 
conditions, activate RNase H and produce only nucleosides 
as degradation products. 

She advantages of oligonucleotides according to the 
invention, known as self •-stabilised oligonucleotides, 
15 arise from the presence of two structural features: a 
target hybridizing region and a self^oiq>lenentary 
region. She target hybridising region coaiprises an 
oligonucleotide sequence that is coaplementary to a 
nucleic acid sequence that is frcm a plant o^ animal 
20 virus, a pathogenic organisa, or a cellular gene or gene 
transcript, the abnomal gene expression or product of 
%rtiich results in a disease state. She self -conpleBentary 
region coaqprises an oligonucleotide sequence that is 
conpleaentary to a nucleic acid sequence vithin the 
25 Oligonucleotide. Thus, at least when the oligonucleotide 
is not hybridized to a target nucleic acid sequence, the 
oligonucleotide foras a totally or partially, double* 
stranded structure that is resistant to nucleolytic 
degradation. Since the inherent structure of these 
nolecules confers resistance to nucleases, it is not 
necessary to use modified intemucleotide linages to 
confer su^ resistance, although of course, modified 
linkages may be used. Thus, the use of oligonncleotide 
phosphodiesters or oligonucleotide phosphorothioates, 
both of which are degraded in jdJCftf is made fe^ible 
oligonucleotides according to the invention. This 
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results in oligonucleotides that activate RMa^e B, an 
iiqportant feature for the antisense therapeutic cosipound. 
Also, the use of oligonucleotide phosphodiesters provides 
Bore stable hybridization between therapeutic * 
5 oligonucleotides and tairget seguessces. Finally, 
degradation of such oligonucleotides results only in 
nucleotide breakdown products, thus miniaizing potential 
toxiqity. These advantages result in a superior 
therapeutic oligonucleotide. 

10 The invention further provides self^stabilized 

ribozyaes, since the self<*cainplenentary Kotif. of the 
invention can be conveniently used with ribonucleotides. 
Such ribozymes according to the invention have generally 
typical ribozyM structure, except that they have a self- 

15 coa^lementary region at or near the 5* or 3" end. This 
region confers nxiclease resistance upon the ribozyses, 
asking them iiore stable than ribozymes that are .known in 
the art. 
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BMBF PBSCRIWIOM QT TOE DRAWTirflfl 

Figure l lllustratea a Balf-stablllzed 
oligonucleotida according to tha invention in hairpin and 
hybridized configurations. 

Figure 2 illustrates a self-stabilized 
oligonucleotide according to the invention in hammer-like 
configuration. 

Figure 3 shows results of dqplex stability studies 
for hybridization between oligonucleotides or self- 
stabilized oligonucleotides and complementary target 
oligonucleotides. 

Figure 4 shovs results of 3*-exonuclease treatment 
of oligonucleotides. 

Figure 5 shovs the structure of self-stabilized 
oligonucleotides used in ExaaqEiles 1-4. 

Figure 6 shovs a mechanism of therapeutic action of 
self-stabilized oligonucleotides. 

Figure 7 shovs a self-stabilized ribozyme according 
to the invention. This example of a self-stabilized 
ribozyme according to the invention is conplementai^ to 
the HIV gag region and results in the cleavage of a HIV 
gag mRNA. 
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PgrXILED DEBCMPMOM Qg MB MgggMBP ntBQDIMM'fl 

The Invention relates to novel therapeutic agents 
that are useful in the treatment of virus infections, 
infections hy pathogenic organis&s, and diseases arising 
fron abnon&al gene eaepression or gene products. 

In a first aspect , the invention provides 
therapeutic self-stabilised oligonucleotides that are 
siore resistant to nucleolytio degradation than 
oligonucleotides that are known in the art. For purposes 
Of the invention, the term oligonucleotide includes 
polymers of ribontzcleotides, deoxyribonucleotides, or 
both, with ribonucleotide and/or deoxyribonucleotide 
monomers being connected together via 5* to 3" linkages 
which may include any of the linkages that are known in 
the antisense oligonucleotide art. ' In addition, the term 
oligonucleotides includes such molecules having .iBodif ied 
nucleic acid bases and/or sugars, as veil ' as each 
molecules having added substituents, such as diamines, 
cholesteryl or other lipojfliilic grovQ>8. Certain 
preferred combinations of monomers and inter^monoaer 
linkages are discussed in greater detail below. 

Oligonucleotides according to the invention are 
generally characterized by having two regions: a target 
hybridising region and a self-conplenentary r<;gion. A 
first enibodiment of a self-stabilised oligonucleotide 
according to the invention is shown in Figure 1... In this 
embodiment, the target hybridizing region is shown as 
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self-^ccunplenentary regions and/or by base-pairing between 
conpleaentary sequences within the self-conpleaentary 
region. ifhen the oligonucleotide encounters a nucleic 
acid nolecule having a complementary nucleic acid 
sequence, base-pairing between the target hybridizing 
region and the self-oonpleiiientary region of the 
oligonucleotide is disrupted and replaced by base-pairing 
between the target hybridizing region o£ the 
oligonucleotide and the coaplopientary nucleic acid 
sequence of the target nucleic acid molecule* This 
disruption and replacement of base-pairing takes place 
because the intermolecular base-paired structure formed 
by the hybrid between the target nucleic acid sequence 
and the target hybridising region is more 
15 thermodynamically stable than the intra-molecular base- 
paired structure formed by the self-complementary 
oligonucleotide. This phenomenon is illustrated in 
Figure 3 and discussed in greater detail in Example 4. 

A second embodiment of an oligonucleotide according 
to the invention operates in a similar way as the first 
embodiment, but forms a different structure upon self- 
complementary base-pairing* This alternative embodiment 
forms a hammer-like structure as shown in Figure 2. In 
this embodiment, the self-caiQ)lementary region contains 
25 oligonucleotide sequences that can base pair with other 
oligonucleotide sequences within the self-coBplementary 
region. The self con^lementary regibn may also contain 
oligonucleotide sequences that are complementary to the 
target hybridizing region. 

30 The target hybridizing region of an oligonucleotide 

according to the invention has an oligonucleotide 
sequence that is complementary to a nucleic acid sequence 
that is from a virus, a pathogenic organism, or a 
cellular gene or gene transcript, the abnormal gene 

35 expression or product of %rtiich results in a disease 
state. Preferably the target hybridizing region is from 
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about 8 to about 50 nucleotides In length. For purposes 
of the Invention, the texii "oligonucleotide sequence thiat 
is complementary to a nucleic acid sequence" is intended 
to mean an oligonucleotide sequence (2 to about 50 
nucleotides) that hybridises to the nucleic acid sequence 
under physiological conditions, &dUf by Watson->Grick 
base paring (interaction between oligonucleotide and 
single-stranded nucleic acid) or by Hoogsteen base 
pairing, (interaction between oligonucleotide and double- 
stranded nucleic acid) or by any other means. such 
hybridization under physiological conditions is measured 
as a practical matter by observing interference vith the 
function of the nucleic acid seqpience. 

m 

Xhe nucleic acid sequence to idiich the target 
hybridizing region of an oligonucleotide according to the 
invention is coaplementary will vary, depending upon the 
disease condition to be treated. In many cases the 
nucleic acid sequence will be a virus nucleic acid 
sequence. The use of antisense oligonucleotides to 
inhibit various viruses is veil known, and has recently 
been reviewed in Agrawal, Tibtech Ift: 152-158 (1992). 
Viral nucleic acid sequences that are complementary to 
etfMtive antlMnso oligonuclttotides have bMii described 
for nany viruses, including human imonnodeficiehqr virus 
type 1 (U.S. Patent No. 4,806,463, the teadikings of 
vbich are herein incorporated by reference). Herpes 
siaplex virus (U.S. Patent No. 4,689,320, the teachings 
of which are hereby incorporated by reference). 
Influenza virus (U.S. Patent No. 5,3{XX,X3a; Ser. Ho. 
07/516,275, allowed June 30, 1992; the teachings of which 
are hereby incorporated by reference), and Hunan 
papilloaa virus (Stor^ et al.. Nucleic Acids Res. 
1£: 4109-4114 (1991)). Sequences complementary to any of 
these nucleic acid sequences can be used for the target 
hybridizing region of oligonucleotides according to the 
invention, as can be oligonucleotide sequences 
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complei&entary to nucleic acid sequences from any other 
virus. Additional viruses that have known nucleic acid 
sequences against which antisexise oligonucleotides can be 
prepared include Foot and Mouth Disease Virus r see 
Robertson et al., J. Virology S±* 651 (1985); Harris . et 
al., J. Virology Ig: 659 (1980)), Yellaw Fever Virus r see 
Rice et al.. Science 22&: 726 (1985)), Varicella-Zoster 
virus (Sfift Davison and Scott, J. Gen. Virology £Zs 2279 

(1986) , and Cucumber Mosaic Virus fsee Richards et al.. 
Virology £2: 395 (1978)). 

Alternatively, the target hybridizing region of 
oligonucleotides according to the invention can have an 
oligonucleotide sequence coaplementary to a nucleic acid 
secpience of a pathogenic organisn. The nucleic acid 
sequences of many pathogenic organisas have been 
described, including the malaria organism, Plasmodiuin 
f alcinarun - and many pathogenic bajcteria. 
Oligcmucleotide sequences complementary to nucleic acid 
sequences from any sudh pathogenic organism can form the 
target l^bridizing region of oligonucleotides acoording 
to the invention. Exaa^les of pathogenic eukaryotes 
having known nucleic acid sequences against which 
antisense oligonucleotides can be prepared, include 
Trypanosoma brucei aambiensa and Leishmanis (figfi Cam|>bell 
et al.. Nature aU: 350 (1984)), Faseiola hap^ttlGn 
Zurita et al., Proc. Hatl. Acad. Sci. USA M: 2340 

(1987) . Antifungal oligonucleotides can be prepared 
using a target hybridizing region having an 
oligonucleotide sequence that is complementary to a 
nucleic acid sequence from, e.g. . the dhitin synthetase 
gene, and antibacterial oligonucleotides can be prepared 
using, e»q- > the alanine racemase gene. 

In yet another embodiment, the target hybridizing 
region of oligonucleotides according to the invention can 
have an oligonucleotide sequence conplementary to a 
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cellular gene or gene txanacrlpti the abnonial expression 
or product of irtilcdi results In a disease state. The 
nucleic acid sequences of several such cellular genes 
have been described, including prion protein (Stahl and 
Prusiner, FASEB J. £: 2799-2807 (1991)), the aaiyloid-like 
protein associated vith Alzheiner * s disease (U.S. Patent 
No. 5,015,570, the teachings of which are hereby 
incorporated by reference), and various well-^known 
oncogenes and proto-oncogenes, such as c-nyb, c- myc ,. c* 
fiblf and n-xui- In addition, oligonxicleotides that 
inhibit the synthesis of structujral proteins or enzynes 
involved largely or exclusively in spematogenesis, spezn 
motility, the binding of the sperm to the e^g or any 
other step affecting spem viability my be used as 
contraceptives for men. Similarly, contraceptives for 
women may be oligonucleotides that inhibit proteins or 
enzymes involved in ovulation, fertilization, 
implantation or in the biosynthesis of hormones involved 
in those processes. 

Hypertension can be controlled by 
oligodeoxynucleotides that suppress the synthesis of 
angiotensin converting enzyme or related enzymes in the 
renin/angiotensin system i platelet aggregation can be 
controlled by suppression of the synthesis of enzymes 
necessary for the synthesis of thromboxane A2 for use in 
myocardial and cerebral circulatory disorders, infarcts, 
arteriosclerosis, embolism and thrombosis; deposition of 
cholesterol in arterial wall can be inhibited by 
suppression of the synthesis of fattyaoryl conenzyme A: 
cholesterol acyl transferase in arteriosclerosis; 
inhibition of the synthesis of cboline|ihosphotransf erase 
may be useful in hypolipidemia. 

There are numerous neural disorders in which 
hybridization arrest can be used to reduce or eliminate 
adverse effects of the disorder. For exaiqile, 
suppression of the synthesis of monoamine oxidase can be 
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used in ParXlnson's disease; suppression of catechol o* 
metliyl transferase can be used to treat depression; and 
suppression of indole Nuetbyl transferase can be used in 
treating schisophrenia. 

Suppression of selected enzymes in the arachidonic 
acid cascade frtiich leads to prostaglandins and 
leulcotrienes nay be useful in the control of platelet 
aggregation, allergy, Inflaamation, pain and asthma. 

Suppression of the protein expressed by the 
nultidrug resistance (wta) gene, which is responsible for 
developaent of resistance to a variety of anti«*cancer 
drugs and is a major iaQ>ediment in chemotherapy may prove 
to be beneficial in the treatment of cancer. 
Oligonucleotide sequences coB^lementary to nucleic acid 
seqpiences from cuiy of these genes can be used for the 
target hybridizing region of oligonucleotides according 
to the invention, as can be oligonucleotide sequences 
conploientary to any other cellular gene or gene 
transcript, the abnormal expression or product of which 
results In a disease state. 

■ 

Antisense regulation of gene expression in plant 
cells has been described in U.S. Patent No. 5,107,065, 
the teadhings of vhitih are hereby incorporated by 
reference. 

In a second aspect, the inventicm provides nuclease 
resistant oligonucleotides that activate KNase H. The 
target hybridizing region of oligonucleotides according 
to the invention may contain ribonucleotides, 
deoxyribonucleotides or any analogs of ribonucleotides or 
deoxyribonudeotides . In one preferred embodiment, this 
region is composed of ribonucleotides. in^ another 
preferred esbodlment, this region is composed of 
deoxyribonucleotides. In yet another preferred 
embodiment, this region conprises a mixture of 
ribonucleotides and deoxyribonucleotides. An additional 



PCr/llS93/06326 



-14- 

pref erred ei&bodl»ent has a target hybridizing region 
comprising ol igonucleotide phosphodiesters , 
phosphorothioates , or phosphorodithioates, oraixturesor 
these vith ribonucleotides or deoxyribonucleotides. 
These preferred eabodiamits all provide £or the 
activation of KNase E, as long as four or more contiguous 
deoxyribonuoleotide phosphodiesters, phosphorothioates, 
or pihosidiorodithioates are present. Of course, other 
einbodiaients enploying target hybridizing regions that do 
not activate SNase H can also be nade. 

Synthesis procedures for each of these enbodinentB 
are well knovn in the art. Both oligodeoxyribonucleotide 
phosphodiesters and oligodeoxyribonucleotide 
phosphorothioates and their analogs can be synthesized by 
the H-phosphonate approach described in U.S. Patent No. 
5, , ,(Ser. No. 07/334,6791 allowed on Narcsh 19, 
1992) , the teachings of which are hereby incorporated by 
reference. l!he H-iOiosphonate approach can also be used 
to synthesize oligoribonucleotide's and 
oligoribonucleotide analogs, as described in Agrawal and 
Tang, Tetrahedron Lett. Us 7541-7544 (1990). Synthesis 
of oligonucleotide phosphorodithioates is also Icnovn in 
the art. 

Of course, many other embodiments are possible, and 
those skilled in the art will recognize that other 
analogs or coiabinations of analogs can be used in the 
target hybridizing region of oligonucleotides ^according 
to the invention. Such analogs are characterized by 
having intemuoleotide linScages other than th6 natural 
phosphodiester linkage. The synthesis of many such 

analogs is well known in the art, including analogs 
having alkylphosphonate, (Agrawal and Goodchild, 
Tetrahedron Lett. 2ft: 3539-3542 (1987)) or 
phosphoramidate (Agrawal et al., Proc. Natl. Acad. Sci. 

USA £&: 7079-7083 (1988)) linkages. 
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The second significant region of self-stabilized 
oligonucleotides according to the invention is the self- 
conplementary region. The self-eoaq;>lementary region 
<:ontalns oligonucleotide sequences that are coaipleaientary 
5 to other oligonucleotide seqpienoes vithin the 
oligonucleotide. These other oligonucleotide sequences 
may be within the target hybridizing region or within the 
selfrcoapleaentary region, or they nay span both regions. 
The conpleaentary sequences fona base pairs, resulting in 

10 the fomatlon of a hairpin structure, as shown in Figure 
1, or a hamaer-like structure, as shown in Figure 2. 
Either the hairpin structure or the haiBiBer--li]ce structure 
can have loops resulting froia non-base-paired 
nucleotides, as shown in Figure l for the* halzpin 

15 structure, or can be devoid of such loops, as shown in 
Figure 2 for the hanmer-like structure. The nuaber of 
base-pairs to be formed by intra-nolecular h^rldlzation 
involving the self-coqpleBentary region nay vary, but 
should be adequate to aaintain a double-stranded 

20 structure so that the 3* end is not accessible to 
endonucleases. Generally, about 4 or acre base-pairs 
will be necessary to maintain such a double-«8tranded 
structure. In a preferred embodiment, there are about 10 
intramolecular base-pairs formed in the self-stabilised 

25 oligonucleotide, with the 10 base pairs being consecutive 
and involving the 3 •-most nucleotides. Of course, the 
Intra-molecular base-^iring can be so extensive as to 
involve every nucleotide of the oligonucleotide. 
Preferably, this will involve a self-6oiq>lementary region 

30 of about 50 nucleotides or less. 

In one preferred embodiment the self-conqplementary 
region may be connected to the target hybridizing region 
by a suitable non-nucleic acid linker. Examples of subh 
linkers include substituted or unsubstituted alkyl 

35 groups. In one most preferred embodiment the linker is 
a (ethylene glycol),.^ linker. At the larger size for 
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this linker, the synthesis nay be conveniently carried 
out by using comnerclally available triethylene glycol 
that has a dinethyltrityl protective group at one end and 
a cyanoethylphosphoraaiidite group at the other end. 

5 The selfi-canpleaentary region »ay contain 

ribonucleotides, deoxyribonucleotides, analogs of 
ribonucleotides or deoxyribonucleotides having artificial 
linJcages, or combinations of any of the above. oSie 
ability to activate RNase H is not la^rtant for the 

10 self-complementary region, so nucleotides having 
artificial linkages that do not activate XUIase H can be 
used in this region without diminishing the effectiveness 
of the oligonucleotide. Thus, in addition to 
j^osphodiester and phosphorothioate or ^osphorodithioate 

15 linkages, this region may also or alternatively contain 
phbsphoramidate ( including N-subst ituted 
phosphor amidates ) , alky Iphosphpnate , 
alkylfAosphonothioate littkages as well as non<^osphate 
containing linkages, such as sulfone, sulfate, and keto 

20 linkages. of course, in non-BNase B activating 
embodiments of self-stabilised oligonucleotides according 
to the invention, any of these linkages can be used in 
the target hybridising region as veil. 

In one preferred embodiment, the self-stabilized 

25 oligonucleotide is rendered hyperstabilized. Tl^is may be 
accomplished by incorporating into the self-complementary 
region one or more ribonucleotides or 2*-0-Me- 
ribonucleotides, wherein the ccmplementary portion of the 
target hybridizing region is DMA. Alternatively, the 

30 complementary region of the target hybridizing region may 
contain ribonucleotides or 2*-0-lie-ribonucleotides, and 
the self-complementary region may contain DNA. These 
oligonucleotides will be hyperatabilized because the 
interaction between DNA and RNA is more stable than the 

35 interaction between DKA and DNA. Yet another way in 
which the self-complementary region (and/or the linlcer 
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region) laay be modified to yield a hyperstabillaed self- 
stabilized oligonucleotide is to incorporate one or more 
intercalaiting agent molecule. These oligonucleotides are 
hyperstabilised because the intercalating agent 
5 stabilizes the hybrid formed between the self- 
coaplemantary region and the target hybridizing region. 
Any intercalating agent is acceptable for this purpose. 
Preferred intercalating agents include acridine and 
ethidium. Oligonucleotides containing acridine are 
10 readily pr^;>ared by using the commercially available 
acridine-ON phosphoramidite, or 3 .* ->acr idine-ON CF6 
(Clontech Laboratories « Inc.). 

In a third aspect, the invention provides ribozymes 
that are more stable than ribozymes that are known in the 

15 art. Ribozymes are catalytic mOi molecules that cleave 
intemucleotide bonds. "The stability of such ribozymes 
according to the . invention is provided by the 
incorporation of a self-complementary region at or near 
the 5* or 3* end of the rlbozyme molecule. This self- 

20 coiEplementary region results in the formation of a 
hairpin or hammer-like structure, thus rendering the 5* 
or 3* end of the xaolecule double-stranded, which causes 
the rlbozyme molecule to resist nucleblytic degradation. 
The structure and function of ribozymes is generally 

25 taught in U.S. Patent Mo. 4,987,071, the teachings of 
which are hereby incorporated by reference. 

In a fourth aspect, the invention provides a method 
for inhibiting the gene esgpression of a virus, a 
pathogenic organism or a cellular gene, the method 
comprising the step of provldihg self-stabilized 
oligonucleotides or ribozymes according to the iiivention 
to cells Infected with the virus or pathogenic organism 
in the former two cases or to cells generally in the 



30 



« 
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In a fifth aspect, the invention provides a aethod 
of treating a diseased human or animal in irtiich the 
disease results from Infection with a Vitus or pathogenic 
organism, or from the ahnonaal es^resslon or produce of 
5 a cellular gene. The method comprises administering 
self-stabilised oligonucleotides according to the 
invention in a pharmaceutically acceptable carrier to the 
diseased human or animal « Preferably, the routes of such 
administration will include oral, intranasal, rectal and 

10 topical administration. In suth methods of treatment 
according to the invention the self-stabilised 
oligonucleotides may be administered in conjunction with 
other therapeutic agents, fi^jUf AZT in the case of AIDS. 
A variety of viral diseases may be treated by the 

15 method of treatment according to the invention, including 
AIDS, ARC, oral or genital herpes, papilloma warts, flu, 
foot and mouth disease, yellow fever, diicken pox, 
shingles, HTLV-leu]cemia, and hepatitis, Amotfg fungal 
diseases treatable by the method of treatment according 

20 to the invention are candidiasis, . histoplasmosis, 
cryptococoocis , blastomycosis , aspergillosis , 
sporotrichosis, chromomycosis, dematophytosis and 
coccidioidomycosis. The method can also be used to treat 
rickettsial diseases (fi.ab.# typhus, Roclgr Mountain 

25 spotted fever) , as well as sexually transmitted diseases 
caused by ChlnWYflift traehomatiB or Lv«nhQo^ntii«mi> 
ygnereuffi* a variety of parasitic diseases can be treated 
by the method according to the invention, including 
amebiasis, Chegas* disease, toxoplasmosis, 

30 pneumocystosis , giardiasis , cryptosporidiosis , 
trichomoniasis, and Pneumoeygtig cartni pneumonia; also 
worm (helminthic diseases) such as ascariasis, 
filariasis, trichinosis, schistosomiasis and nematode or 
oestode infections. Malaria can be treated by the method 

35 of tireatment of the invention regardless of whether it is 
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caused by falciparum, ^ ^i^OL^, £^ orala . or £^ 

nalarlae^ 

The Infectious diseases identified above can all be 
treated by the method of treatment according to the 
invention because the infectious agents for these 
diseases are knovn and thus self«»stabilized 
oligonucleotides according to the Invention can be 
prepared, having a target hybridizing region that has an 
oligonucleotide sequence that is conplenentary to a 
nucleic acid sequence that is an essential nucleic acid 
sequence! for the propagation of . the infectious agent, 
such as an essential gene« 

Other disease states or conditions that are 
treatable by the method according to the invention result 
from an abnormal expression or product of a cellular 
gene. These conditions can be treated by administration 
of self -stabilized oligonucleotides according to the 
invention, and have been discussed earlier in this 
disclosure. 

The invention provides numerous advantages over 
oligonucleotides that are knovn in the art. First, the 
self-stabilized oligonucleotides according to the 
invention have a longer half-life than most known 
oligonucleotides, thereby levering the dosage that will 
be required for therapeutic efficacy. Even greater 
resistance to nuclease degradation can be provided by 
using nuclease resistant intemucleotide linkages near or 
cap structures at one or botb ends of the 

oligonucleotide. Second, the enzymatic stability 
afforded by the base-paired structures involving the 
self-complementary sequences allows the use of 
oligonucleotide phosphodiesters, which otherwise are 
rapidly degraded. This provides the advantages of 
increased duplex stability and RNase H activation, >rtxich 
are not both provided by any nuclease resistant 
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oligonucleotlde known In the art* The advantage of RNase 
H activation is retained vhen oligonucleotide 
phosphorothioatee or phosphorodlthioates are used. A 
third advantage is that the only degradation product of 
several enbodlments of oligonucleotides according to the 
invention is nucleotides, e.g. , nucleoside monophosphates 
and/or nucleoside nonothiophosphates. Finally, the 
Invention allows the use of either deoxyrlbonucleosldes 
or ribonucleosides. The ability to use the latter aakes 
the invention readily adaptable for use with rlbozynes, 
for which enzynatic stability is critical. 

The following exaigples are provided to further 
illustrate certain aspects of preferred eabodlaients of 
the Invention, and are not intended to be limiting in 
nature • 




The oligonucleotides used in the study are shown in 
Figure 5. Oligonucleotide GMPD A is conplementary to a 
portion of the gag region of HIV-l. Oligonucleotide CHPD 
B uses this same region as a target hybridizing region, 
but adds a 3 • self-complementary region of 10 
nucleotides. Oligonucleotides CKPD S and CMPD F are 
identical to CMPD B, except that the self-conqplementary 
regions of GMPD S and CMPO F are 6 and 4 nucleotides, 
respectively. Oligonucleotide GMPD 6 is Identical to 
CMPD A, except that it has 10 mismatched nucleotides 
(Tio) added at its 3> end. 

The oligonucleotides were tested for their relative 
resistance to 3* exonucleolytlc degradation. For each 
Oligonucleotide, 0.4 Amo units of oligonucleotide was 
lyophilized, dissolved in 0.5ml buffer (lOaM Tris, lOaiM 
MgClj, pH 8.5) and mixed with 5*tl (1.5 mllllunlts) of 
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anaka venom phosphodiesterase (SVFD) • The mixture vas 
incubated at 37^C in a thenially regulated cell and A«eo 
vas plotted against time. Oligonucleotide degradation 
%ras measured as function of increase in hyper chromicity. 
5 The results of these experiments are shown in Table 

I, belov. These results demonstrate that self-stabilised 
oligonucleotide phosphodiesters according to the 
invention are far more resistant to 3* exoncleolytic 
degradation than either oligonucleotide phosphodiesters 

10 or oligonucleotide phosphodiesters having a non- 
complementary tail. 

In addition to the testing described above, the 
oligonucleotides were also subjected to DKA Polymerase I 
3 * -exonuclease digestion. As shown in Figure 4 the non- 

15 self -stabilized oligonucleotides, CHPDs A and 6 were 
digested to ooaq^letion in 30 minutes, %Aiereas self- 
stabilized CMPD B was only partly digested over 30 
minutes. 



20 



25 



PliqonUgJlftgtldg for SVPD digestion 

cafPD A 75 seconds 

CHPD 6 75 seconds 

CMPD B 950 seconds 



To test the relative nuclease resistance of self- 
stabilized and non-self-stabilised oligonucleotide 
phosphorothioates, a miA Polymerase I 3*- exonuclease 

30 activity assay was usedi because of the slow degradation 

of oligonucleotide phosphorothioates by SVPD. 

All oligonucleotides .were labelled at the . 5*- end 
with gamma-^p<-ATP and kinase. To a solution of 40 pmole 
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5 •-labelled ollgonadeotide in 20m1 buffer (40 sac Trie. 

HCl pH 8.0, 10 nH MgClj, 5 aiM DTT, 50 BM KCl, SO^g/al 

BSA) , 5 units Wk polynerasa I vas added and incubated at 
37*C. Aliquots of 4^1 were taken at o, 30, 60, 120 
Binates and were mixed with 6 ^1 atop solution (98% 
fomamide, 10 um edta, o.l% xylene cyanol, o.i% 
biroBophenol blue). The saaples were analyzed by 15% 
acrylaaide gel (urea) and autoradiography. 

The results are shown in Figure 4. Phosphorothioate 
analog of CMPD A was digested to alnost 50% within 4 
hours. The phosphorothioate analog of CHPD B, however, 
was undegraded after 4 hours. Phosphorothioate analogs 
of CMPD E and P, %mich have 6 and 4 base pairs of self- 
plementary sequence, respectively were also found to 
15 be stable, niosphorothioate analog of CMPD 6, having 
extended structure, but no self-ooiqpleBentary region, was 
digested at saae rate as CHPD A. These results 
denonstrate that self-stabilized oligonucleotide 
^hosphorothioates are far Bore resistant to nucleolytic 
20 degradation than are non-self -stabilised oligonucleotide 
phosphorothioates . 



25 



30 



35 




Self-Stabilized and non-self stabilized 
oligonucleotide phosphodiesters were tested for their 
ability to inhibit HlV-l in tissue cultiife. The 
oligonucleotides used in this study are shown in Figure 

5. • 

H9 lyi^ocytes were infected with HlV-l virions 
(■0.01 - 0.1 TCIl^cell) for one hour at 37"*C. After one 
hour, unadsorbed virions were washed and the infected 
cells were divided anong wells of 24 well plates. To the 
infected cells, an appropriate concentration (frou stock 
solution) of oligonucleotide was added to obtain the 
required concentration in 2 al aediua. In a. positive 
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control experiment ddc or AZT was added. The cells were 
then cultiired for three days. At the end of three days, 
supernatant from the Infected culture ws collected and 
measured for p24 ea^resslon by ELISA. The level of 
5 expression of p24 was oonpared between oligonucleotide 
treated and untreated (no drug) infected cells. 

Cytotoxicity of oligonucleotides was studied by 
culturing the cells with increasing concentration of 
oligonucleotide and by the trypan blue dye exclusion 
10 ' method. 

. The results, of two experiments . are shown in Table 
III, below. 
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Antl-HIV Aotlvltv of QllgQiinolaottdM 
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All salf-stabllleed oligonucleotides exhibited 
greater anti-HIV activity than CMPD A, the non-seif- 
stabilized oligonucleotide. Greatest activity was 
10 observed for the self -stabilized oligonucleotide having 
10 self-conqplementary nucleotides, which eichibited 
nearly ten tines the activity of the oligonucleotide 
phospbodiester* The oligonucleotide CKTO G, which has a 
poly T tail, also showed sone increase in activity. 
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probably as a result of stabilization from hybridization 
with polyA from mRNA in the H9 cells. - 

The probable xmchanism of action of the GMPD B 
oligonucleotide is shown in Figure 6. rhe 
5 oligonucleotide enters the cell in a partially double- 
stranded form as a result of intramolecular base-paring 
involving the self-complementary region* As the 
oligonucleotide encounters on HIV BNA molecule having a 
nucleic acid sequence that is conq;>lementary to the 

10 oligonucleotide sequence of the target hybridizing region 
of the oligonucleotide, hybridization occurs between the 
HIV KNA and the target hybridizing region* Shis 
hybridization disrupts the intramolecular hybridization 
involving the self -complementary region. RNase H 

15 activity then cleaves the HIV RNA, allowing the 
oligonucleotide to once again self-stabilize by 
intramolecular base-pairing. 

To test the relative anti-RIV activity of additional 
oligonucleotide structures, the above eaqperiment was 

20 repeated using additional oligonucleotides, a^ veil as 
the oligonucleotides described in Experiments 16 2. The 
additional oligonucleotides are shown in Figure 5. These 
additional oligonucleotides were CMPD C, in which the 
self-conqplementary region is coq;>lementary to the 

25 oligonucleotide through its 5* end; CHPD D, which has a 
8 nucleotide self-coaqplementary region; and CMPD H, a 35 
iBor oligonucleotide having perfect coaqplementarity to the 
HIV gag RKA, but no self -complementary regipn. The 
results of this third experiment are shown in Table ZV, 

30 below. 

These results demonstrate that fully self- 
coxBplementary self-stabilized oligonucleotides are 

roughly equivalent in anti-HIV activity to partially 

self-con^lementary self-stabilizad oligonucleotides. The 
35 results also show that four - self -complementary 
nucleotides are adequate to confer enhanced efficacy. 
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^Results of Moond independent screening. 
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Stability of OnplttXM MtWMn 8«l£<>0t«bllis«d 



To test the stability of duplexes fozaed between 
self-stablllsed oligonucleotides and coaqplementary 
nucleic acid sequences hj^ridlsatlon studies vere carried 
out. In a first study oligonucleotide CMPD A, which 
lacks 8elf-*caBq;>lementary sequences, was mixed at room 
teniperature with a ccnplementary 25-aer oligonucleotide. 
The mixture was then gradually heated and Increase in 
hyperchromlcity was plotted against increase in 
temperature. In this study ^ the results of vhich are 
shown as a dotted line in Figure 3, the melting 
temperature of the duplex was found to be about 65^C. 

In a second study CMPD B, having the same target 
hybridizing region as CMPD A and a 10 nucleotide self- 
conplementary region, was mixed with the same 25-mer 

oligonucleotides at room tenperature. The mixture was 
then gradually heated and Increase in hyperdhromlcity %ra8 
plotted against increase in temperature. The results, are 
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shown as a solid line In Figure 3. This tlae. In 
addition to the Ml ting observed at about 65^c, an 
earlier increase in hyperchromlcity was observed at about 
58^C, corresponding to the neltlng of the intra aolecular 
5 hydrogen bonds of the hairpin structure. This result 
indicates that the intraiaolecular base pairing involving 
the self-coflqpleiientary region is less thexnodynaailcally 
stable than the intenaolecular base pairing between the 
target hybridising region and a coopleaentary 

10 oligonucleotide. 

To further test the increased stability of the 
intenaolecular base pairing relative to the 
intramolecular base pairing, CMPD B was then aiaeed with 
the saiae complementary 25-mer oligonucleotide and heated 

15 to 80*C, then allowed to cool to room temperature. This 
mixture was then gradually heated and increase in 
hyperchromlcity was plotted against increase in 
temperature. The results are shown as a dashed line in 
Figure 3. Only a single melting teiq>erature of about 

20 65^C was Observed, indicating that the Intermoleeular 
base pairing between GKFD B and the co^loientary 25-mer 
oligonucleotide is favored in coo^tition with 
intramolecular base pairing involving the self- 
oonplementary region. 

25 These results demonstrate that self -stabilised 

oligonucleotides will hybridize to cos^lementary nucleic 
add sequences notwithstanding the presence of 
oligonucleotide sequences within the oligonucleotide that 
are ooiq;»lementary to the target hybridising region. 

30 Since it is well known that certain types of 
oligonucleotide structures hybridise more stably than 
certain other types of oligonucleotide structures (e.g., 

iaiA:m hybrids > DNA:DHA hybrids and phosphodiester - 

containing ollgos > phosphorothloate methylphosphonate or 
35 phosphoramldate - containing ollgos) , these results also 
indicate that the preferential target hybridizing effect 
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«ay be enhanced by designing the self-stabllieed 
oligonucleotide such that the hybridization between the 
target hybridising region and the target sequence 
involves more stably pairing oligonucleotide structures 
than the hybridisation involving the self-conplemcmtary 
region. 

Those skilled in the art vill recognise that self- 
complementary regions can be prepared according to the 
above teachings and combined with a vide variety of 
target hybridising regions. 



15 



20 



25 



30 



illisad Oliqonuoleottdes 
To provide oligonucleotides having a more stable 
interaction between the self -complementary region and the 
target hybridizing region, oligodeoaeynucleoside 
phosphodiesters or oligodeoxynudeosidephosphorothioates 
were prepared that had 2-0-Me-ribonucleosides in the 
self-complenAntary region. As shown in Table V below, 
such oligonucleotides had a hyperstabilised interaction 
between the self-complementary region and the target 
hybridising region. Nevertheless, these oligonucleotides 
continued to favor formation of intermolecular hybrids 
with complementary DNA, relative to molecules containing 
intramolecular hybrids. 



DUPLEX STABILITY OF SELF-STABILIZED OLIGONUCLEOTIDES 
HAVING 2*0-Me-RIB0NUCLB0TIDBS IN THE SBLF-OOMPLEHENTARY 

REGION 



• 


IK 


ComplaBentaty 
with DMA (25 

WBX) 


5 ' -CICTCCCACCCATCICTCTCCriC"i'i;CACA-3' 


59»C 


64.80C 


5 ' -CICTCGCACCXATCTCTCTCCTTCTgt^ ' 


'66"C 


64.5"C 


5 ' •CTCT(XXAC(%Am(rrCTCCTTCIGGAGA6AG- 
3' 


7l»C 


65"C' 
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Another class of hyperstabilised self-stabilised 

Oligonucleotides vas prepared by covalently linking an 
acridine molecule to the terminus of the self- 
complementary region. These molecules also demonstrated 
byperstability of the interaction betveen the target 
hybridizing region and the self-coaplementary region. 
Nevertheless, these molecules still preferentially formed 
intermolecttlar hybrids with coiiqE»lementary DKA, relative 
to forming intramolecular hybrids. 



10 



15 



DUPLEX STABZLZTY OF SELF- STUkBILZZED OUGOllUCUtoTZX^ 
HAVING INTERCAIATIN6 AGENTS IN THE SEX^F-OOMPLEKENTARy 



REGION 


■ 




CoBpleaentaxy 
with DN4 (25 
a«r) 


5 ' •CTCXaXACCGAXCICTCTCC^ 


n/A 


67.5«C 


5 ' -CTCTOGCAOCX^ATClXmrrOCR 


H/A 


66.7"d 


5 ' • CTCTCGCACCCATCT<nx:TCXrm^^ 3 ' 




66.3»C 


5 • • CTCTCGGAC<XAT(nXTCTCCTTCT^^ 3 ' 


66 . 8«c 


66. 



20 



These results indicate that it is possible to 
construct hyperstabilised self -stabilized 
oligonucleotides having very stable interactions between 
the self-coBiplementary region and the target hybridizing 
region, without interfering with the ability of the 
oligonucleotide to form intermoleeular hybrids with a 
target nucleic acid. 
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Wa olaiAt 

1. A therapeutic self -stabilised oligonucleotide 
comprising a target hybridizing region and a self- 
complementary region I 

lAerein the target hybridising region comprises a 
oligonucleotide sequence complementary to a nucleic acid 
sequence that is from a virus, a pathogenic organism or 
a cellular gene, and wherein the self-coiq;»lementary 
region comprises an oligonucleotide sequence 
complementary to a nucleic acid sequence that is within 
the therapeutic self-stabilized oligonucleotide. 

2. A therapeutic self-stabilized oligonucleotide 
according to claim 1, lAierein the target hybridizing 
region comprises four or more contiguous 
deoxyribonucleotide phosphodiesters, phosphorothioates, 
or phosphorodithioatee. 



3, A therapeutic self-stabilized oligonucleotide 
according to claim 1, wherein the self -complementary 
region conprises nucleotides selected from the group 

20 consisting of: deoicyribonucleotide or ribonucleotide 
phosphodiesters, phosphotriester phosphorothioates, 
phosEA&orodithioates, phosjdioramidates, all^lphosphonates, 
allg^lphosphonothioates, ketones, sulfones and sulfates. 

4. A therapeutic self-stabilized oligonucleotide 
25 according to claim i, wherein the virus is selected fjrom 

the group consisting of: human immunodeficiency virus, 
herpes simplex virus, human papilloma virus, influenza 
virus, foot and mouth disease virus, yellow fever virus, 
Varicella-Zoster virus, and cucumber mosaic virus.. 
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5. A therapeutic self-stebilizod oligonucleotide 
according to claim 1, wherein the pathogenic organisa is 
selected from the group consisting of Plasttodium 

galc i paraB f Trypflnggoaa hrwgfti , Lcishnania, and FasciQia 



6. A therapeutic self-stabilised oligonucleotide 
according to claia 1, wherein the cellular gene is 
selected from the group consisting of prion protein, 
Al2heiaier*8 anyloid-like protein, and oncogenes or proto- 
10 oncogenes. 

w 

1. A therapeutic self-stabilized oligonucleotide 
according to claim 2, wherein the self-canplementary 
region con^rises nucleotides selected from the group 
consisting of: deoaeyribonucleotide or ribonucleotide 
15 lihosjfliodiesters, {shoaphorothioates, phosphorodithioates, 
phosphoramidates, alkylphosphonates, 
alkylphosphonothioates, phosphoromorpholidates/ ketones, 
Bttlfones and sulfates. 

> 

8. A therapeutic self -stabilised oligmmcleotide 
20 according to claim 2, wherein the virus is selected from 
the group consisting of: human immunodeficiency virus, 
herpes simplex virus, human papilloma virus, influenza 
virus, foot and mouth disease virus, yellow fever virus, 
Varicella-Zostar virus, and cucumber mosaic virus. 

2S 9. A therapeutic self -stabilized oligonucleotide 
according to claim 2, wherein the pathogenic organism is 
selected from the group consisting of Plasmodium 
£&lsiBasm# Trroangggmtt brU«tf Lelshmanla ■ and Fasciola 



10. A thexrapeutic self -stabilized oligonucleotide 
according to claim 2, wherein the cellular , gene is 
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selected from the group consisting o£ prion protein, 
Alshei»er*8 anylold-llke protein, and oncogenes or proto- 
oncogenes. 

11. k therapeutic selt-stablllsed oligonucleotide 
5 according to claim 3, %ihereln the virus is selected from 
the group consisting of: human immunodeficiency virus, 
herpes simplex virus, human papilloma virus, Influenza 
virus, foot and mouth disease virus, yellow fever virus, 
Varicella-Zoster virus, and cucumber mosaic virus. 

10 12. A therapeutic self-stabilized oligonubleotide 
according to claim 3, wherein the pathogenic organism is 
selected from the group consisting of Plasmodiuiii 
ftlgtPMTHBy Trvpanosoma brueel ■ Lelshnanla, and Faselola 
hepatica , 

15 13. A therapeutic self-stabilized oligonucleotide 
according to claim 3, wherein the cellular gene is 
selected from the group consisting of prion , protein, 
Alzheimer's amyloid-like protein, and oncogenes or proto- 
oncogenes. 

20 14. A self-stabilized ribozyme having a self- 
complementary region at either or both of its 5' and 3* 
ends. 

15. A method of inhibiting the gene expression of a 
virus, a pathogenic organism, or a cellular gene, the 

25 method cos^rising providing the self-stabilized 
oligonucleotide of claim 1 to virus or pathogen infected 
cells, or to uninfected cells, respectively. 

16. A method of inhibiting the gene expression of a 
virus, a pathogenic organism, or a cellular gene, the 

30 method coB5)rlslng providing the self-st:abillzed 
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oligonucleotide of claia 2 to virus or pathogen infected 
cells, or to uninfected cells, respectively. 

17. A nethod of Inhibiting the gene expression of a 
virus t a pathogenic organisa, or a cellular gene, the 
aethod coxqprising providing the self-stabilised 
oligonucleotide of claia 3 to virus or pathogen infected 
cells, or to uninfected cells, respectively e 

18 • A aethod of treating a diseased huaan or aniaal 
having e disease resulting from a virus or pathogenic 
organisa Infection or from the abiioraal eag;>ression or 
prodxict of a celliilar gene, the aethod con^rising 
adainistering to the diseased huaan or aniaal 
oligonucleotide according to claia 1 in a 
pharaaceutically acceptable carrier . 

« 

19. A aethod of treating a diseased huaan or aniaal 
having a disease resulting froa a virus or pathogenic 
organisa infection or froa the abhoraal expression or 
product of a cellular gene, the aethod coqprising 
adainistering to the diseased huaan or aniaal 
oligonucleotide according to claia 2 iii a 
pharaaceutically acceptable carrier. 

•20e A aethod of treating a diseased huaan or aniaal 
having a disease resulting froa a virus or pathogenic 
organisa infection or froa the abrloraal e^qpression or 
product of a cellular gene, the aethod coiq^rising 
. adainistering to the diseased huaan or aniaal 
oligonucleotide according to claia 3 in a 
pharaaceutically acceptable carrier. 

21. A hyperstabilized self-stablized oligonucleotide 
having one or acre ribonucleotide or . 2 ' -o-Me- 
ribonudeotide in the self-coapleaentary region or in the 
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complementary portion of the target hybridizing region. 

22. A hyperstablised self -stabilized oligonucleotide 
having one or more intercalating agent molecule in the 
self-conqplementary region or in a linker region. 
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S'-CTCTCGCACCCATCTCTCTCCrrCT 



r<CTCTCGCAO 



of 



rAOAOAaAcxir 



T 
C 





a\fb £ 



r.CrCTC6CAC0CATCliciCT0C '''t 

c 



pAOAOQT 



CHPb f 



F-CTCtCGCACXXATCrCnCICC 

gaooIt 



T 

c 



ffdCICCCACCCATCTCICl C C 

lillllUlU 



can H 



S'-CICrCGCAOOCATCTCTCTCCITCTAGCCICCGCT ^ 




SUBSTITUTE SHEET 
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AOOCrAGAAOQAOAQAOATQOCIOOaA 



GAOOCICAGrA 



«'-crcrcccA 




3* TAGA 




AOOCEAGAACXMaAQAaATOOCmiCQAflA 



GCXiTCACTA 




lAflKOftOa 
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